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•vpcriatntal  «Bviron»«nt  is  well  understood  and  easily  controlled.  teras  of  one  dlaenslonal  feedynsAlce  (Glesa  end  Hell,  19$9). 


With  tha  tKcaption  of  watar,  littla  or  Insufficient  previous 
work  has  been  dona  on  heavy  water  (Flood  and  Tronstad,  1936) 
and  conflicting  data  exist  for  tha  other  substances  (Jaeger 
at  al. , 19C9{  Dawson  at  al.,  1969;  Katz  et  al.,  197S,  1976). 


■Inca  th*  flow  !•  laentrople. 


d«cr«aa*i,  T,/T^  dacrcases,  c,  dacraaiai . u,  Inci 


cloaar  to  tha  diaphragB,  aarlous  BaaBurlng  uncartaintlaa  ariaa 

and  Hall.  H$t).  Kara,  this  probla.  is  avoidad,  and  in  subsa-  datar«inini  tha  virtual  origin  fro.  a static  prassura  s>a- 


thaory  was  ohtainad  at  largar  distances  away  froa  tha  diaphraga. 
■ecausa  of  tha  astresKly  short  tias  scales  involved  at  distances 


purity  of  watar  had  no  notlcoablo  affact  on  ita  onaat  of  con-  yiia  drlvor  tuba  la  naxt  flllad  with  ultra-hlgh-purlty  argon 


eondansatlon  procaaa.  Onca  a controllad  aaount  of  tha  taat  davlation  abova  tha  praaaura  for  an  iaantroplc  aapanalon.  Thla 

wapor  la  Introduood  into  tha  ayataB,  Ita  partial  praaaura  la  aaa-  praaauia  ineraaaa,  )uat  aa  in  tha  ataady  noaala  flow  (Hagonar 

aurad  with  a Stathaa  ta  |Mld  diffarantlal  praaaura  tranaducar.*  ang  Pourlngi  IfSa),  ariaaa  froa  tha  ralaaaa  of  latant  haat  to 

tha  flow.  Tha  alaultanaoua  aharp  ineraaaa  of  tha  light  aeat- 

* Saa  ^pandla  a for  datalla.  taring  aignal  duo  to  tha  auddan  appaaranca  of  a condanaatlon 


ob««rvation  atatioiM  can  b«  datarainad  alaultanaoualy  In 


rlaantal  Ratults 


different  cooling  rat**).  More  d*t«il*d  di*cu**ion*  of  th* 


•nvironaent  of  arbitrary  auparaaturatlon  and  coapoaltion. 


(Vola*r,  1930,  wMch  i«  cii^raiscd  in  Cfs  unit*  «■  follow* 


.0*.  Belting  point,  th*  r«*ult*  Bust  be  evaluated  for  both  case* 

experiBant*  where  onset  of  condensation  is  of  solid  and  liquid  condensates. 

Condensation  of  Hater  and  Heavy  Water 


rvcallad  that  tha  droplet  (rowth  rate,  as  given  by  Equation  (6.2),  evaluated  for  both  cases,  Just  as  in  the  cats  of  HjO  and 

DlO.  As  shown  in  Table  6,1,  low  valuaa  of  r I0*'i 

• This  range  of  values  of  g corresponds  to  approximately  the  case  of  solid  condensate  which  is  expected 

pre**ur«  deviation  fro«  the  isentropie  pressure* 


1976).  B«tw«en  tha  atltlni  point  and  tha  aolid'aolid  phasa 


U,ht  .c.tt.rin,  t.chni,«.  .t  *7-73  'C  k.la«  If  . Itln.  point. 


huvy  wafr  wu  found  dotplf  dlight  difforoncas  in 
thair  phyaical  propartlea  dua  to  iaotopy. 

(a)  Tha  onaat  of  condanaation  of  banzana  waa  uall  pradictad 
by  tha  elaaaieal  thaory  If  tha  aolld  cluataf  waf 
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Tablt  S.l  SuBMry  of  Vattr  Cohd«nsAtion  CxperiJMntt  «nd 


Cxpt .No. 

Obtcrvation 

Station 

Initial 
^a  ^va 

(torr)  (torr) 

Conditioni 

(K)  “a 

•« 

O < 

Ontat 

(K) 

Conditiona 

aolid  liquid 

(®C) 

67 

1 

2 

1216.0 

17.1 

299.3 

0.0063 

11.3 

11.7 

2Sa.8 

236.1 

12.6 

11.1 

10.6 

8.6 

-18.9 

-17.1 

71 

1 

2 

itas.s 

10.3 

297.8 

0.0013 

6.6 

6.8 

297.1 

299.7 

13.9 

12.2 

11.9 

9.7 

-26.1 

-21.3 
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1 
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11.6 
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8.9 

9.0 
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12.2 
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o.ooao 
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7.9 
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1392.0 
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3.3 
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12.3 
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a. 3 
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Table  S.2  SuMoary  of  Heavy  Water  Ccndencation  Experiments  and  Results 


Initial  Conditions  Onset  Conditions 


Observation 

Pm 

PvM 

Pyk 

S 

k 

Expt  .No. 

Station 

(torr ) 

(terr ) 

(K) 

“m 

itorr) 

(K) 

solid 

liquid 

<®c7 

10 

1 

1199.7 

17.3 

296.5 

0.0062 

12.0 

257.9 

13. M 

10.8 

•19.3 

3 

12.2 

259.  6 

11.6 

9.6 

-17.5 

le 

1 

1M01.7 

15.6 

298.0 

0.0056 

10.8 

257.3 

12.6 

10.1 

-19.6 

? 

11.0 

256.8 

11.1 

9.1 

-18.2 

19 

1 

1M37.1 

13.9 

298. M 

0.00M8 

9.1 

253.0 

16.2 

12.5 

-7M.0 

2 

9.2 

253.7 

15.3 

11.8 

-23.  3 

7» 

1 

1M21.6 

12.2 

298.6 

0.00M3 

7.7 

7M6.8 

21.0 

15.5 

-28.2 

2 

7.9 

251.2 

16.8 

12.7 

-25.8 

MU 

1 

107.5 

9.7 

297.3 

0.0061 

6.0 

2MM.8 

2M.8 

17.5 

-32.2 

2 

6.2 

3M8.2 

K.O 

13.1 

-29.8 

M8 

1 

• 0M.5 

• .0 

297. M 

0.0050 

M.8 

2M1.6 

26.0 

19.0 

-35. M 

2 

M.  8 

2M3.M 

23.1 

16.2 

-33.6 

SM 

1 

297.1 

6.3 

297. M 

O.OOMO 

3.6 

237.6 

32.6 

21. M 

-39.3 

2 

3.  7 

239.5 

27.2 

18.1 

-37.5 

S5 

1 

• 23.7 

M.6 

297.5 

0.0038 

2.5 

23M.1 

3M.0 

21.7 

-M2. 8 

2 

2.6 

335.3 

31.1 

19.6 

-Ml. 7 

57 

1 

• 22.9 

2.9 

397.5 

0.0018 

1.5 

228.0 

M2. 7 

35.0 

-M9.0 

2 

1.  5 

229.2 

36.5 

22.3 

-M7.8 

59 

1 

• 57.3 

1.6 

297.5 

0.0009 

0.7 

217. M 

77.0 

M3.1 

-59.6 

2 

0.8 

719.2 

69.2 

35. M 

-57.8 

Table  S.3  Summary  of  Benzene  Condensation  Experiments  and  Results 


Initial  Conditions  Onset  Conditions 


Expt  .No. 

Observation 

Station 

Pm 

(torr) 

PvM 

(torr) 

Tm 

(K> 

Vm 

Pvk 

(torr) 

(K) 

solid 

liquid 

K Up 

(OC) 

20 

1 

3 

1055.2 

•M.7 

296. M 

0.0796 

37.7 
39. M 

228. M 
231.7 

7M.3 

55.6 

26.9 

21.8 

-50.3 

-M7.0 

21 

1 

7 

1099.6 

73.6 

396. M 

0.0669 

31.3 

32.5 

222. M 
225.5 

11M.5 

•6.1 

36.2 

29.2 

-56.3 

-53.2 

27 

1 

3 

1090.5 

78.7 

296. M 

0.0722 

1M.6 

IM.9 

226.0 
326. M 

• 7.0 

• M.O 

38.9 

29.1 

-52.7 

-52.3 

33 

1 

2 

105M.7 

• 2.0 

396.1 

0.0778 

1M.9 

35.8 

22M.1 

226.0 

107.0 
• 0.1 

85.2 

30.9 

.SM.6 

-52.7 

2M 

1 

2 

1018.3 

77.8 

396.0 

0.076M 

32.7 
33. M 

223.1 

22M.7 

lll.M 
• 6.2 

35.8 

32.1 

-55.6 

-SM.O 

35 

1 

2 

1053.2 

73.5 

396.0 

0.0698 

30.6 

31.3 

321.1 

323.0 

129.1 

107.8 

39.6 

3M.5 

• 57.6 
-55.7 

26 

1 

2 

1090.2 

63.9 

396.0 

0.0586 

36.5 

26.9 

319.2 
220. M 

137.3 
122. M 

MO. 7 
36.9 

-59.5 

-58.3 

27 

1 

3 

1091.6 

60.8 

796.0 

0.0557 

2M.S 

25.1 

315.8 
218. M 

183.5 

1M2.0 

M9.6 

80.8 

-62.9 

-60.3 

88 

1 

2 

1353.9 

31.6 

296.5 

0.0233 

11.9 
12. M 

305.6 

209.0 

397.3 

305.5 

62.5 

M7.0 

-73.1 

-69.7 

19 

1 

2 

1357.8 

MO. 6 

296.7 

0.0299 

15.6 

18.7 

208. M 
21M.0 

277.7 

15M.5 

82.5 

MO.O 

-70.3 

-•M.7 
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Carbor.  Tetrachloride  Condensation  Experiments  and  Results 


Initial 

Conditions 

Onset 

Conditions 

Observation 

Fv 

Fvv 

^4 

Fvk 

s 

k 

T -T 
“o  "P 

Ex-T.No. 

Staticr. 

(torn) 

<torr) 

(K) 

^4 

ttorr) 

(K) 

solid 

liquid 

(®C) 

1 « - 

1 

1667.3 

53.9 

296.8 

0.0266 

24.7 

222.3 

28.7 

26.1 

-26.2 

1 

24.9 

223.0 

27.1 

24.7 

-27.5 

103 

1 

1986.6 

78.1 

297.2 

0.0393 

36.2 

225.4 

SI.  7 

29.1 

-25.1 

2 

36 . 5 

226.1 

30.0 

27.6 

-24.4 

10(> 

1 

2012.6 

64.1 

297.2 

0.0319 

29.7 

224.2 

29.0 

26.5 

-26.  3 

2 

29. 9 

224.7 

27.9 

25.5 

-25.6 

loe 

1 

2060. 0 

44.2 

297.5 

0.0212 

18.6 

214.6 

45.0 

40.8 

-35.9 

2 

18.7 

215.0 

43.5 

39.4 

-35.5 

lOB 

1 

2000.2 

37.6 

297.7 

0.0186 

15.6 

213.0 

44.2 

40.2 

-37.5 

2 

15.7 

213.5 

42.4 

38.4 

-37.0 

lie 

1 

2002.8 

26.2 

297.8 

0.0141 

11.2 

208.  3 

51.4 

47.0 

-42.2 

2 

11.  3 

209.6 

45.3 

41.3 

-40.9 

111 

1 

200>4.1 

65.0 

297.8 

0.0324 

28.7 

220.9 

37.9 

34.5 

-29.6 

2 

29.2 

222.2 

34.2 

31.2 

-28.3 

113 

2 

20«3.9 

90.4 

299.2 

0.0442 

43.3 

230.5 

24.3 

22.5 

-20.0 

lie 

2 

2091.9 

104.0 

296.4 

0.0497 

49.6 

230.8 

27.  2 

25.3 

-19.7 

Table  Summary  of  Trcon-ll  Condensation  Experiments  and  Results 


Initial  Conditions  Onset  Conditions 
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1 

2 

2097.5 
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149.  3 
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225.3 
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6.75 

etO.  3 
463.3 

17 

1 

2 

2080.9 

407.4 

289.3 

0.1958 

153.6 

160.5 

222.4 
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8.10 

7.07 

460.4 

463.0 

22 

1 

2 

2108.2 

111.5 

288.2 

0.1478 

124.4 

129.1 

220.2 

222.6 

7.65 

6.71 

458.2 

460.6 

to 

2 

2258.9 

121.4 

286.5 

0.0537 

49.1 

208.0 

7.62 

446.0 

17 

2 

2154.2 

146.1 

285.8 

0.0678 

59.  8 

210.4 

7.66 

448.4 

70 

2 

2138.0 

185.7 

284.8 

0.0869 

78.9 

214.7 

7.23 

452.7 

• 3 

2 

2041.9 

102.5 

284.5 

0.0502 

41.6 

204.3 

8.48 

442.  3 

■ 4 

2 

2369.7 

82.0 

284.8 

0.0346 

32.1 

201.4 

8.69 

439.4 
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Table  A2.1.  Onaat  Condltiona  for  Watar  of  Different  Purities 
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Figure  2.1  Schematic  jc-t  diagram  showing  the  centered  cx^an^ion  fan  in  the  driver  section 
of  a shock  tube. 


Figure  J.l  Oaclllosoope  traces  showing  eapari- 
■entally  Mssured  pressure  varia- 
tions at  three  different  locations 
situated  at  127  aas,  171  m and 
495  sue  raspectively  upttraaai  from 
the  diaphragm  location.  For  the 
first  (bottosi)  and  second  (topi 
stations,  99  torr/div.  vertical; 
for  the  third  (middle)  station, 

109  torr/div,  vortical.  The  coaanon 
time  base  is  0,5  ma/div,  horisontal. 

The  gas  amployad  was  argon, 
p.  • 777,1  torn  p./p.  • J,70) 
t!  - T,  - 297,4  K,  • * 
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rigur*  Plot*  of  p/p,  ver»u«  comparing  the  pratsur*  Measure- 

stents  of  three  different  observation  stations  with  theory. 
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CONDENSATION  OF  WATER  IN  ARGON 
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Figure  4.2  A eequence  of  four  experiments  on  heavy  water  in  argon 
showing  how  onset  of  condensation  is  determined. 


SUPERPOSED  WITH  EXPANSION  IN  PURE  ARGON 


0.2  H«/dlv.  — « Time 


Figure  4.3  Oscillograms  ahowing  Isentropic  flow 
in  the  expanaion  wave  is  preserved 
in  a condensation  expariawnt  up  to 
the  point  of  eondeneation  enaat. 
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Figur*  S.)  Sel«ct€d  oscillogrAins  froir  benzene  condensation  experiMnts 


(P>i 

258  torr 
per  div 


0. Iv/dlv 


(P)2 

300  torr 
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CONOENSATION  OF  CARBON  TETRACHLORIDE 


Photomultiplltr 


Fi9ur«  A3.1  Pressure  end  ll^ht  scetterin9  epperetus  et  the 
second  observation  station. 


Figure  A3. 4 Plot  of  meaeured  light  scattering  signal 
(Vpi^x)  versus  calculated  Nr°. 


Figure  As.i  tcheastie  grawing  af  the  eapar^aar.tal  apparatus 
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Pressure  measurements  at  three  different  locations  in  the 
driver  section  of  a shock  tube  reveal  that  the  expansion  wave 
generated  by  diaphragm  rupture  can  be  effectively  viewed  as  a 
simple  centered  expansion  wave  whose  origin  is  slightly  shifted 
with  respect  to  the  origin  of  an  ideal  x-t  diagram.  The  result- 
ing centered  expansion  wave  is  used  to  study  the  condensation  of 
water,  heavy  water,  benzene,  carbon  tetrachloride  and  Freon  11,  in 
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an  excess  of  the  non-condensing  carrier  argon.  Simultaneous  pres- 
sure and  light  scattering  measurements  determine  the  onset  of  con- 
densation. The  isentropic  flow  within  the  expansion  wave  is  found 
to  be  preserved  up  to  the  point  of  the  detectable  onset  of  conden- 
sation by  tailoring  the  onset  conditions  to  occur  at  the  tail  of 
the  expansion  wave , thus  rendering  a simple  analysis  of  the  experi- 
ments possible. 

The  experimental  onset  of  conditions  of  the  various  substances 
studied  generally  agree  with  previous  findings  in  supersonic  noz- 
zles, shock  tubes  and  diffusion  cloud  chambers.  No  difference  is 
found  in  the  onset  of  condensation  of  H2O  and  D2O.  The  homogeneous 
nucleation  of  both  H2O  and  D2O  is  well  predicted  by  the  classical  I 
theory  if  it  is  assumed  that  both  vapors  nucleated  as  supercooled 
liquid  droplets  at  17-440C  and  I8-490C  below  their  respective  melt- 
ing points.  The  homogeneous  nucleation  of  benzene  at  47-730C  below 
its  melting  point  also  follows  the  classical  theory  if  solid  con- 
densates are  assumed.  Agreement  with  the  classical  theory  is  also 
found  for  carbon  tetrachloride.  The  nucleation  rates  of  Freon  11 
are  found  to  be  higher  than  those  predicted  by  the  classical  theory.. 


